By deriving a tight-binding model, we demonstrate a mechanism of forming a nodal line of Dirac points in a single-component molecular conductor [Pt(dmdt) 2 ] [Zhou et al., Chem. Commun. 55, 3327 (2019)], consisting of HOMO and LUMO. The nodal line is obtained as the intersection of two surfaces, where one corresponds to the HOMO-LUMO band crossing and another is vanishing of the HOMO-LUMO couplings due to their different symmetries. The latter property is essential for the Dirac electron in molecular conductors. The nature of the open nodal line is discussed in terms of the parity of the wavefunctions at eight TRIMs (time reversal invariant momenta). *
Introduction
The Dirac electron system has attracted a great deal of attention from theoretical and experimental viewpoints. 1) A variety of materials with Dirac points in energy band structure have been developed. 2, 3) However, the number of systems where the Dirac point is located in the vicinity of Fermi level is still limited. The Dirac electron systems in molecular conductors 4) have been extensively studied, since the zero-gapped state with the Fermi level at the Dirac point was found in a two-dimensional molecular conductor, α-(BEDT-TTF) 2 of the HOMO-LUMO coupling, where the gap formation does not work, provides the Dirac point that is located around the Fermi level. The mechanism of the Dirac cone formation in this system can be understood using an effective model of 2 × 2 Hamiltonian. [7] [8] [9] Within the three-dimensional Brillouin zone, the Dirac point moves in a loop. The topological number indicates that the system is a topological nodal line semimetal.
These results indicate that single-component molecular conductors can easily provide such a type of Dirac electron system. Indeed, after our work, an ambient-pressure (dmdt=dimethyltetrathiafulvalenedithiolate) was disclosed by the first principles DFT (Density Functional Theory) band calculation. 10) We report here a tight-binding model for [Pt(dmdt) 2 ] and indicate that this system demonstrates a typical and simple example of the Dirac cone formation mechanism in the single-component molecular conductors. We also discuss the nature of the open nodal line in terms of the parity of the wavefunctions at eight TRIMs (time reversal invariant momenta).
Model

Crystal structure and intermolecular transfer integrals
Crystal structure of [Pt(dmdt) 2 ] is very simple. 10) The space group is P1 and the unit cell (a = 6.620Å, b=7.611Å, c=11.639Å, α=86.05 • , β=78.98 • , γ=75.04 • ) contains only one molecule on the inversion center. Molecular packing of [Pt(dmdt) 2 ] units within the b-c plane exhibits the stretcher bond arrangement with the face-to-face overlap between molecules of half a molecule, which forms a two-dimensional (2D) conduction layer ( Fig. 1(a) ). Along the interlayer direction (parallel to the a axis), [Pt(dmdt) 2 ] molecules are arranged uniformly in the side-by-side manner ( Fig. 1(b) ). Hückel method were carried out on the basis of crystal structure data. 10) Reported sets of semiempirical parameters for Slater-type atomic orbitals and valence shell ionization potentials for H, 11) C, 11) S, 12) and Pt 13) were used for the calculations. Intermolecular transfer integrals, t (eV), were estimated using the equation t = −10S (Table I) . Intralayer transfer integrals (t c , t p ) including HOMO-LUMO couplings are found to be about 10 times greater than interlayer ones (t a , t q ), which indicates that the system has a 2D network parallel to the b-c plane with small but significant interlayer interactions. An important point is that the transfer integrals for intralayer HOMO-HOMO and LUMO-LUMO couplings (t c , t p ) have opposite signs and thus the HOMO band is convex upward and the LUMO band is convex downward.
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Tight-binding model and energy band
Using transfer integrals in Table I , the band energies E(k) (k is given by k = k x a * +k y b * + k z c * in terms of the reciprocal lattice vectors a * , b * , and c * ) are obtained as eigenvalues of the following simple 2 × 2 Hermitian matrix.
where the base is taken as HOMO and LUMO, and the matrix elements are given by
The 
Dirac cone formation and nodal line
We now discuss the Dirac cone formation in this single-component molecular conductor.
The Dirac point emerges under the following conditions:
|h HL | = 0 . Fig. 5 ). Since the HOMO band is fully occupied and the LUMO band is completely empty originally, the intersection is located 5/12 J. Phys. Soc. Jpn. opposite signs. This depends on the molecular arrangement associated with the symmetry of the frontier molecular orbitals. From this viewpoint, the stretcher bond arrangement in the conduction layer of the present crystal ( Fig. 1(a) ) is quite suitable for the formation of the crossing band structure. In the metal dithiolene complex molecule [Pt(dmdt) 2 ], HOMO has ungerade (odd) symmetry and LUMO has gerade (even) symmetry. Therefore, as shown in Fig. 6 , the HOMO-HOMO and LUMO-LUMO couplings give overlap and transfer integrals (t c and t p ) with opposite signs in the stretcher bond arrangement, where each ligand overlaps with the ligand on the opposite side of the adjacent molecule.
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Open nodal line and parity
We analyze the open nodal line using the parity at the TRIMs (k = G/2 with G being the reciprocal lattice vector). From Eq. (1), energy E j and wavefunction Ψ j (j=1, 2) at the TRIMs are calculated as
where E 1 (G/2) > E 2 (G/2). The parity is obtained from a spatial inversion for Ψ j (G/2), 14) using the inversion center on the Pt atom at a lattice point. Such a 2 × 2 inversion matrix P I has only diagonal elements given by −1 and +1 for the base of HOMO and LUMO, respectively. Since [H(G/2),P I (G/2)] = 0, both H(G/2) andP I (G/2) have a common eigenfunction. Thus, we obtainP I (G/2)Ψ j (G/2) = E P (j, G/2)Ψ j (G/2), (j=1 and 2), where E P (j, G/2) = ±1. In terms of Ψ j (G/2), the parity eigenvalue E P (j, G/2) is calculated as,
where G/2 = (0, 0, 0) (Γ), (1/2, 0, 0) (X), (0, 1/2, 0) (Y), (1/2, 1/2, 0) (M), (0, 0, 1/2) (Z), (1/2, 0, 1/2) (D), (0, 1/2, 1/2) (C), and (1/2, 1/2, 1/2) (E). The parity E P (j, G/2) 8/ 12  Table II . Parity eigenvalue E P (j, G/2)(= ±1) with the HOMO-LUMO coupling (pristine, case (a)) and without the HOMO-LUMO coupling (|h HL | = 0, case (b)) which corresponds to Figs. 2 and 4, respectively. E P (j, G/2)(= ±1) corresponds to the eigenvalue of E j (G/2) at the TRIMs(G/2) shown in Fig. 7 .
corresponding to E j (G/2) is summarized in Table II for both Eq. (1) with HOMO-LUMO couplings (pristine, case (a)) and that without HOMO-LUMO couplings (|h HL | = 0, case (b)).
Here we note a relation between the parity E P [= E P (j, G/2)] and these two types of energy Table II suggests that E 1 (k) shows the HOMO (E P = −1) band for the TRIMs of Γ and X, and the LUMO (E P = +1) band for the rest of TRIMs. Since such a property remains unchanged even for the case (a), the band with the same parity is connected in the presence of the HOMO-LUMO couplings. Then, such a possible distinction of the E P = +1 and E P = −1 bands is useful for understanding the open nodal line clearly.
Since there is a relation j E P (j, G/2) = 0 for the respective G, the condition for the Dirac point is written either by the occupied band or by the empty band. In terms of the empty band, the explicit form of the condition 14, 15) is given by
where
TRIMs of P 0 are located on the plane of k x = 0, while those of P 1 are located on the plane of k x = 0.5 (Fig. 7) . The quantity P , which denotes a product of parity eigenvalues of 9/12 J. Phys. Soc. Jpn. 
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Summary
We have studied the ambient-pressure molecular 
